This paper uses Stein's method and the specific w-function to determine a non-uniform bound on the point metric of the beta binomial distribution with parameters n, α and β and a binomial distribution with parameters n and α α+β . Numerical examples are provided to illustrate the result obtained.
Introduction
The beta binomial random variable X with parameters n ∈ N, α > 0, and β > 0 has probabilities bb(x) = n x B(x + α, n − x + β) B(α, β) , x = 0, 1, ..., n, (
and has mean µ = nα α+β and variance σ 2 = nαβ(n+α+β) (α+β) 2 (1+α+β) , where B is the complete beta function. Because the beta binomial distribution obtained from the binomial distribution with parameters n and p, where p is a random variable that has a beta distribution with shape parameters α and β, it is natural to speculate that the beta binomial distribution can be approximated by the binomial distribution. In this case, [2] gave a uniform bound on the total variation distance between two such distributions
BB n,α,β is the beta binomial distribution and B n,p is the binomial distribution with parameters n and p = α α+β . Correspondingly, when A = {x 0 } for every x 0 ∈ {0, ..., n}, (1.2) becomes the point metric of two such distributions and its uniform bound as follows:
where b(x 0 ) is the binomial probability function at x 0 . Note that the uniform bound in (1.3) does not depend on x 0 , which may not be sufficiently good for measuring the accuracy of this approximation. In this paper, we are interested to determine a non-uniform bound on the point metric |bb(
Method
The tools for determining the desired result are Stein's method and the wfunction associated with the beta binomial random variable. The following lemma gives that w-function, which is directly obtained from [2] .
Lemma 2.1. We have
where
. For Stein's method in the binomial approximation, following [1] , it can be applied for n ∈ N and 0 < p = 1 − q < 1, for every x 0 ∈ {0, ..., n} and bounded real-valued function g = g {x 0 } : N ∪ {0} → R, where g(0) = g(1) and g(x) = g(n) for x 0 ≥ n, So, Stein's equation for these conditions is as follows:
For x, x 0 ∈ {0, ..., n}, let ∆g(x) = g(x + 1) − g(x), [3] showed that
Result
The following theorem presents a non-uniform bound for the point metric of the the beta binomial and the binomial distributions.
Theorem 3.1. For x 0 ∈ {0, ..., n}, if p = α α+β , then we have the following:
Proof. By (2.2) and using the proof in Theorem 3.1 of [3] , we have
Hence, by (2.3), (4.2) is easily obtained.
Numerical example
The following examples are given to illustrate how well an improved binomial distribution approximates a beta binomial distribution. and the numerical result is as follows: and the numerical result is as follows:
From the Examples 4.1 and 4.2, it is seen that the result in Theorem 3.1 gives a good binomial approximation when α β or n β is small.
Conclusion
A non-uniform bound for the point metric of the beta binomial distribution with parameters n, α and β and a binomial distribution with parameters n and p = α α+β was derived by using Stein's method and the w-function associated with the beta binomial random variable. With this bound, it is pointed out that the result obtained in the present study gives a good binomial approximation when α β or n β is small, that is, β α or β n.
